INTRODUCTION
Jaundice, varying from a slight yellowish tinting of the sderae to a pronounced general icterus, is a common occurrence in congestive heart failure. A review of the literature leaves one with the impression that it is seen most frequently in patients with long standing congestive heart failure, particularly in failure associated with mitral and tricuspid valvular disease and in failure associated with auricular fibrillation. It repeatedly has been shown that the jaundice occurring in the course of congestive heart failure is due to an increase in serum bilirubin (1, 2, 3, 4, 5, 6, 7, 8) . Matthes (9) in his "Differential Diagnosis" noted that jaundice in congestive heart failure is often characterized by its sudden appearance. Schottmiiller (10) , Eppinger (3) , and Libman (11) , noted that the sudden appearance of the icterus was often associated with pulmonary infarction. Resnik and Keefer (12, 13) after a clinical and experimental study of jaundice following pulmonary infarction conclude that "anoxemia may depress the function of livers already damaged to such an extent that the bilirubin content of the blood strikingly increases." They note that in every case of 'cardiac' jaundice there is anatomical and functional impairment of the liver cells. They agree with. Fishberg (6) that patients with congestion of the liver may have only a slight increase in serum bilirubin. Conversely, patients may have a high serum bilirubin and their livers may be barely palpable. The size of the liver may not give a correct idea of either its anatomical or functional impairment.
Eppinger (3) showed that there is an increased blood destruction and bilirubin formation in congestive heart failure. Resnik and Rich (14) were unable to obtain conclusive evidence that local extravasations of 419 Downloaded from http://www.jci.org on March 1, 2018 . https://doi.org/10.1172/JCI100272 blood in patients with severe congestive heart failure caused sudden increases in serum bilirubin. Eppinger has described bile thrombi in the liver of chronic passive congestion and suggested that these cause a certain degree of obstructive jaundice. He admitted that these thrombi could not be a very important factor as they were found with difficulty or were entirely absent even in the presence of marked jaundice. Meakins (15) (16) reports two cases of ipsolateral edema and contralateral jaundice on the basis of congestive heart failure following hemiplegia. He considers any explanation of jaundice occurring only in edema free portions of the body to be speculative.
The impairment of the pigment function of the liver in congestive heart failure has been extensively studied. The impairment of other functions has not received equal investigation. Much of the work which has been done was directed toward establishing the value of certain functional tests. Wallace and Diamond (17) in eleven cases of congestive failure found the urobilinogen increased in all. Piersol and Rothman (18) in a group of patients having congestive heart failure with ascites found the urobilinogen constantly increased, but the bromsulphalein test "not of any great importance." Serby and Bloch (19) studied nine patients with heart disease, five of whom had an enlarged liver, but in only one was there a retention of bromsulphalein. Epstein, Delprat and Kerr (20) studied the elimination of rose bengal in seven cases of congestive heart failure. All were normal except one with marked anasarca. Ottenberg, Rosenfeld and Goldsmith (21) using phenoltetrachlorphthalein found a retention of more than five per cent of the dye in ten of fourteen cases of heart failure. The levulose tolerance.test apparently has not been extensively examined in congestive heart failure. Kind (22) found that of three patients with congestive failure two had slight impairment of the levulose tolerance. Only one of these patients showed liver impairment if the criteria of Tallerman (23) are used.
The purpose of the present study of congestive failure was to determine:
1. The frequency of clinical jaundice. 2. The type of jaundice.
3. The frequency of impairment of other functions of the liver. 4. The occurrence of a characteristic type of liver dysfunction. 5. The parallelism between the degree of heart failure and impairment of liver function.
6. The duration of the liver dysfunction.
METHOD
The investigation described here extended over a period of five months (December, 1928 , to April, 1929, inclusive). During this time 231 patients with congestive heart failure were admitted to the wards of the Third (New York University) Medical Division of Bellevue Hospital. These patients were frequently observed in daylight for the presence of jaundice. Of this group sixteen were selected for an intensive study. The type of patient selected was, as a rule, one with marked edema who had not received digitalis for three weeks, and who was not too ill to allow a control period of at least four days. The group was so selected as to include some patients in their first attack of failure, some in their second attack of failure, and some in their third, or later attacks of failure. The selection of patients was such as to include a variety of etiological factors. All of the patients developing jaundice were studied except one who died within a few hours of admission. Table 1 gives the clinical data on each of the patients studied. For a control group, three patients with organic heart disease giving no history of congestive failure or lessened cardiac reserve were studied.
The patients were kept in bed on a limited fluid intake and a uniform diet. Daily observations were made on the ventricular rate, pulse rate, weight, water intake and urine output. The patients were observed during a control period of from four to eleven days. During this period frequent observations were made of the amount and distribution of the edema, the presence of jaundice and its distribution, the presence of ascites, and the size of the liver measured from the ensiform. During this period the various liver function tests were carried out. At the end of the control period moderate doses of digitalis leaf were given till therapeutic results or mild toxic symptoms developed. The subjects were then put on a daily maintenance dose of digitalis. The liver function tests were repeated during the disappearance of the edema and again after the patients were edema free. (26) .
A Klett bio-colorimeter was used, and all readings made by the'same individual. The same amount of levulose given each patient on first test was given on repetition of the test. Tallerman's criterion of a rise of at least 30 mgm. in blood sugar, providing the blood sugar level reached 135 mgm. per cent was considered as abnormal.
6. In addition to these tests of liver function, the blood non-protein and urea nitrogen, the bleeding time, the coagulation time, the fragility of the red blood corpuscles and Widal's hemoclastic test were determined on most of the cases. The results obtained from Widal's hemoclastic test will be reported in another paper. The results of the other tests are not reported in this study because our findings were, allowing for experimental error, normal.
The grouping of cases Three patients (1, 2, 3) had definite organic heart disease but gave no history of congestive failure or lessened cardiac reserve. These cases comprise the "control group" (table 1). The sixteen patients (4 to 19 inclusive) who had congestive heart failure comprise the "congestive failure group." In twelve patients (8 to 19 inclusive) it was possible to study liver function during a control period, during improvement, and after disappearance of the edema. These cases comprise the "improved group."
RESULTS

Urobilinogen
The control group patients were consistently normal. Two of the three fatal cases had at some time an increase in urobilinogen, and the unimproved case was almost always above a dilution of 1:30. Of the four patients who were jaundiced (4, 5, 8, 9) every one had an increase in urobilinogen. Of the sixteen patients in congestive failure nine (56 per cent) had at some time or other an increase in urobilinogen. Three patients had marked ascites (9, 12, 14) as evidenced by a fluid wave. Two of these (9, 14) had an increase in urobilinogen. Wallace and Diamond (17) and Piersol and Rothman (18) found the urobilinogen constantly increased in congestive heart failure. Only two cases (16, 18) of the improved group showed an increase of urobilinogen following digitalization. These two cases returned to normal on the fifth and fifteenth day following administration of digitalis. Figure 1 .su 3~'u ¢EliCiciCiCi;-,C5'4c3;z~qP- shows the composite urobilinogen curve in the improved group of cases. It will be noted that the trend of the curve is persistentlydownward from the beginning of the control period.
On reviewing the results of the urobilinogen determinations more than half of the cases of congestive heart failure had an increase in urobilinogen. The results seem to show a relation between the occurrence of dinical jaundice and an increase in urobilinogen. There is little correlation between an increase in urobilinogen and prognosis or presence of ascites.
Serum bilirubin
The serum bilirubin was within normal limits in all the control patients. Of the sixteen patients with congestive heart failure thirteen (81 per cent) had an increase in serum bilirubin over the accepted normal of 0.50 mgm. per cent. Of the three patients (6, 14, 19 ) who were within normal limits one died (6). This patient had been in almost constant heart failure for nine months, had only slight edema of the ankles, moderate enlargement of the liver, but marked pulmonary stasis and intense dyspnoea. The only abnormal liver function test was a retention of 5 per cent bromsulphalein. He was a mild diabetic, therefore no conclusions could be drawn from the levulose tolerance test. The serum bilirubin in the three fatal cases ( fig. 2) showed a marked increase in two (4, 5), both being clinically jaundiced. The unimproved case (7) had a moderate elevation of serum bilirubin at times approaching the level of clinical jaundice. The small amount of edema present at the beginning of the observation disappeared. The liver however remained near the level of the umbilicus, and was very tender and pulsating. A diagnosis of organic tricuspid valvular disease was made on this patient.
Five (2.1 per cent) of the 231 cases of congestive failure under observation developed actual clinical jaundice as determined by the naked eye. Of the five patients, four (4, 5, 8, 9) were included in this study. The two who died had rheumatic mitral valvular disease, while the two who recovered had no demonstrable valvular disease.
The four patients who developed jaundice presented interesting variations in the van den Bergh reaction. Two (5, 9) had an immediate direct reaction and bile in the urine. When the serum bilirubin (9) fell had only the indirect reaction. In three of the jaundiced patients (4, 5, 8) the distribution was at first noted by Meakins in that the jaundice only involved the edema free portions of the body. In the fourth case of jaundice this fact was not noted.
All but two patients (15, 19) of the improved group had some increase in serum bilirubin. This varied from a slight increase to dinical jaundice. The composite curve of this group ( fig. 1 c) shows an elevated serum bilirubin, though the mean value lies below the level of clinical jaundice during the control period. The curve falls very sharply following administration of digitalis. The bilirubin curve is practically identical with the composite curves showing the edema ( fig. 1 a) and the size of the liver ( fig. I b) in the same group of cases. Bromsulphalein Sixty-two bromsulphalein determinations were made on the nineteen patients at various times. In two patients (1, 3) of the control group there was no retention of the dye, while one (2) showed a retention of 5 per cent on two occasions. It should be noted that this patient was a colored male who in addition to luetic heart disease had a liver which was palpable 6 cm. below the ensiform and which was definitely lobular in shape. Twelve of the sixteen patients in the congestive failure group (75 per cent) showed a retention of the dye varying from 5 to 20 per cent during the control period. Every one of the fatal cases had some retention of the dye, and in one fatal case a retention of 5 per cent of the dye was the only abnormal liver function test. The improved group showed in eight (66 per cent) a retention of the dye varying from 5 to 15 per cent during the control period. Every one of these patients returned to normal following digitalization. The composite curve of this group ( fig. 1 d) shows a progressive fall in dye retention from the beginning of the control period. In this respect it resembles the composite curve of the urobilinogen in the same group.
Levulose tolerance test The levulose tolerance test was performed thirty-nine times on the nineteen patients in this study. For controls the test was done on fourteen convalescent patients without demonstrable liver disease. The composite curve of the convalescent group ( fig. 3 a) shows a rise of only 9 mgm. in blood sugar above the fasting level, and a return to this level at the end of two hours. Four tolerance tests were performed on the control group of patients. In this group the rise in blood sugar in the composite curve ( fig. 3 b) Of the sixteen cases having congestive heart failure only three (10, 11, 15) of blood sugar or a maximum blood spjgar level of 135 mgm. per cent.
Since both conditions must be fulfilled the tolerance in these three patients cannot definitely be said to be abnormal. An important fact in the improved group is the improvement in tolerance to levulose following improvement of the case. This is illustrated by the composite of the curves performed during the control period and again after improvement ( fig. 3 c) . Every patient except two (12, 19) This represents a fall of 75 per cent. If instead we take the rise of sugar in each curve we get an ayerage rise of 35.6 mgm. compared to 14 mgm. following improvement. This is a 60 per cent improvement. It seems therefore that the improvement in the levulose tolerance is the result of an improved carbohydrate metabolism coincident with the general improvement of the patient.
SUMMARY AND CONCLUSIONS
1. The frequency of clinical jaundice in a series of 231 patients with congestive heart failure was observed to be 2.1 per cent.
2. Jaundice in congestive heart failure may be of either the obstructive or non-obstructive type.
3. The results of this study (table 2) show that fifteen of the sixteen patients (93 per cent) had some alteration in liver function.
4. No characteristic type of liver dysfunction in chronic passive congestion was found. Three subjects (6, 12, 15) showed only one abnormal response to liver function tests. Only one subject (10) showed all four tests abnormal. 6. Any liver dysfunction induced by an attack of chronic passive congestion is apparently not permanent. Liver dysfunction still in evidence after recovery from an attack of chronic passive congestion probably indicates an independent liver impairment.
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